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The spectrum of the backscattered energy for the Fre-
quency Modulated Altimeter may be analyzed tc abtain the
target range variations versus the target surface conditions.
And the expected frequency, and consequently the associate
altitude may be calculated (Rice, 1944) as
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where
fg	 - the static beat frequency
h	 - the actual range
fD	- the doppler frequency
t	 - the FM slope
c	 - velocity of light-
G2 (8) - the two-way antenna gain
a(e) - the target scattering coefficient
For the Landing Module (LM), the radar has a beam width
of 3.50 by 70
 and the orientation of the beam on the landing
track is as shown in Fig. 1 for vertical incidence case.
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Fiay 1	 The minor-axis of the radar beam
parallel to the direction of motion.
The return signal is averaged over a period of 231
milliseconds along the trajectory. The horizontal velocity
of the LM during landing is small, and the surface covered
by the radar in one period f s comparable to 1508 of the
beam cross-section (Tong and Sayre, 1967). Considering
that the pitch angle of the vehicle, and the antenna angle
do not vary within an averaging periods it suffices to
:	 treat the system as stationary with respect to the hor-
isontal axis. If the width of the landing track scanned
by -the radar is normalized, the average beat frequency may
be approximated using a one-dimensional profile.
In what follows the average beat frequency for a
at a fixed altitude is calculated.
Fiq. 2	 Geometry of the Apollo radar- detection.
As shown in Fig. 2, the transformation of f H to a would be;
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Substituting (3), (4), (5) and (6) in (1), one obtains,
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The expression 22`  in Eq. 7, is the beat frequency
corresponding to the actual altitude of the transmitter,
whereas the square root term is the ratio of the detected
altitude to the actual altitude. Since the percent de-
viation in altitude is the essential infozmation, one
needs only to carry the calculation of the square root
part of Eq. 7.
Based on the information of the radar beamwidth, the
ante.-ma gain is approximated to be
G2 (9) - Cos4 136	 (e)
and the scattering cross-section is chosen of point No. 8
Site P-11-6 of static runs of the acoustic simulation test
and is shown in Fig. 3.
The percent deviation is plotted as shown in Fig. 4.
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CONCLUSION
This calculation shows that the percent deviation of
the altitude reading from the actual would vary considerably
from 796 to 2031 corresponding to angles of incidence of
00 (vertical incidence) to 600 degrees. A close examination
of these results indicate the variation to be within t 106
for look angles of 0, 50 , 100 0 200 0 250 , and 300 , whereas
for 150 angle of incidence it is -226 and for angles greater
than 300 , it increases almost monotonically to +2036 at
0 - 600
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